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Ue describe a sepaented calorimeter Ior determining (Fipg, 2
the apatlal Intensity distribution of a neutral par- vibration t
tirle beam Our gnstrament for a 1-MeV H? beam con Ta simalare
sists al a " x " array of barap pltride (BN) blocks,

each block 0 9% v by O 9% cm by 0 09 cm thick,
glued onto & polyimide prin ed clrcuit bhoard The
teaperature sensor bhelidmd rach block s a special in-
tegrated clreult (ADYIO) The sensor data are multi-
plex=d inro an [BM AT rompute for laboratory testling
or into a telemetry systes and a microVAX 11 computer
for rlighe iperial features include protection
agalnst hean indued sparking and the launch and space
environment

Tne cadvie oy

wee have deve i sed i wepmented calorimeter tor detes ting
and analyzing lov eneipy neatral particle beams from
arirlerators In space Yuerpw that i1a deposited 1n an
array of thin bLlocks In the calorimeter causes a
tenperature rine in ecach block. This temperature rise

{s directly related ta the heam pover (fq. 1), and,
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e owet o of holes to mindmise heat flow herween
neb oy wnd anot he far the

The plued PC boards sucoessfully panaoed

sl sensng s

and temperature eyeling tests e pnel
P bt

therefore, related to the bram {ntensity {f the heam
ererpy I8 Foown Segmentation ino blockn allows the
wpatial distribution ta be determined More traditional
instiument s (such as a Faraday cap or sther electrical
devices) cannot be uved withoat stiipping of the

The presom e ol wecaondary electrony and
plasmas makes thewe fnstiuments difticult to calib
rate, especiatly it 'he bram [y spatially large
Rrcause this crlupimetor meadures the temperature 1ine
by stnpping, the protons, 1t 14 Insensbitive to the
preseive ol rlectrons valorimeter 15 desipned
for a1 MeV )" bear, /7 % em in diameter However | 1t
{5 alao watvable por charped beams and higher enerpies
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The salurimetoy son-i-ta ol
nitrtede (BRHD) Blackn, each hleock 0 %Y cmhy D 92 em hy
0O 0% cmovhick, rllllnl| anta o |n||v||l|l|l' |II|||I-I' cly-ult
Py hoad (Fip 1) Boron nitifde | s preferrsad over

praphlite bherause (v Huarew oo more thar praphite when
hamba. ded and, hee fo morte e ly pasitloned 1 Che
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Sentiogs is 1 4w oat the maximam expected temperatane 1iwe uf
100 ", the desired repeatability and tesolution are
Each sencol 18 a special temperature sensitive in hath 0. 9%,
tegrated cirvcultr (IC), Analog Devices Madel AD"W90,

touching the back of a blork. The sensitivity is Flpure Vo shows a block diapgram ot om system which

1 wA/K, and the output {s lincar ta ¢« G 3 *C over the meets the ghove ment joned 1equirements We hione an
operating range -5% *C to ¢150 ¢ In preliminaty architecture that combines multiplexing amt tiltering
testing voe tried thermocouples, which are less sennld tor low power, tewer components, sl the abiliry 1o
tive but more rvugged The ADYIU 1w have aelatively sample !5 sencors fn less than Joooms The sveter
high-level outputs and can be multiplexed on the e tneludes o microprocessor, chosen over handwired Toge
board, which reduces the number of wites an The v aam for flexibility at design, case of {ntertacing and
Howe-rer, the sensor has several diaabeantapes s tewer compunents, and othetr electrons. o ol the hiyph
slow response time of 5 to 10 mu, (00 1t e speed CMOS (CSHCTY tami )y, chosen tor o epion e
pover . and 3 {r penerates ool whi bhovaiaes b, compartibiliey and low powe The wles oo - m
sensor’s tempervature ahove the ambg weiehn D00 The L owevapies o0 e e st pepine

Voar woar e VL
The ADGHE IUs are susceptible ro dae
caused by the heam To dirain awaw b

froar sty

dret o pras Fapure o whows o trmbng, dyapaan St D

the !5, we evaporated a thin metall:. Contite ot the hiv ADC e packed into the W0 eiphe e

ndges of rach black and inserted O U] v i et header byvtes and two trailer hvees delimie the tecond
pins (Fip 2 tnto holes through the I bt e Bvtew three aml four (lTabeled SN0 procide e pone
conmect the edges to the ground pla on the baack ot numbet

the board When the beam was ol Towet o swrpike rhe

boa:d ontside the array, we observed o lace Haobianne An TBM AT computer connected to one of the aroavs e
to pround, which damaged the I Weowelrntr aterd thope carded mast of the test data Thee tewpetature ol each
pfroblem hy masking the bare PC hoard with proundcd black and the time were read and stored on hatd disk at

metailic toll and ronnecting all proands to the v ooure 5 Uz ALl 25 temperatures were display
charher  which s the accelerator o

ahng?

il | S 1P A computer system based on g nieroVAY 71, whion
can be frerarfaced to a telemetry vt em e heen

g cd for collection and Srpon ot oapace Hhipia
Elecirontcs data

» xpace experlmant, the electypac o e teqane

‘urately sample 79 sensors in lew thon oo
beventv-tlive sensors are necessary b the Lo Compagfson With Theosy
velvratar heam passes through a mapter o owhin boepanate,
it 1nto three beams (H , H', and H IETI P | RE We tested the calorimever usine o 1 MeV s e taatld
tequlres a 25-black calorimeter artay Ve th beam of elther H or HY. The tenperaton. of v o h
200 ms |s available to mample all /% werage, RN block Increased yap{dly when 2ol by 5 by et
the sampiftif time must be shorrer 'l “la e decteaned papbdly when the hear wa e o0 Foanina
response time (approximately one o Wbt e praphec a tvpical heatinag and o (BT e
pline, omist he done hetween beam pualoes o por e o carves are deserihed by
Intet feleni e Since the space avoe e ratey et
S0 us cwide pulses at % Hz, the avatiabhle grreroag L poodr T o '
wern gnlises {5 less than 200 ms T e e e IS ' I
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b — 200 ms - R
e — o 100 M —

BONCITL I
HEADER SN DATA SP TRAILER
—zemf] O (1 ]
2 2 150 ] 2
SYTES BYTES  BYTES BYTES BYTES
oo - T A\
SELECT DET
RWREG 1 ARRAY N
AWREG «2 + s
RWREG #) Jl iy 4 Timung Jdrageam
wAIT
FILTERSETTLE =1 ms
A/D MUX LATCH MUX [N N
ADDLESS “ ‘r
b= 100 ps YREPE AL
/¢ wimate aoconvint |
- }= 50 us
RO LBYTE READLOWBY T1 /S ]
RD HBYTE READHIGH BY 11 MR | T
-{ }- 100 :s
PCLK CTL TRANSMIT QUT ALL 3 SAMPLES
(EACH SAMPLI IS ? BYTES) “ “ r“—“]r“
T T T ! ! The sensitiviry is ) *C/1 near amblent temperaturce, and
1860 | g the operating tanye - limited by the AD590 10C) WOt
| ta ¢lh0 "o
140 h It equation (1) i« selved for P, then the beam current
. fnrensity can be calevlated with
120 . P
1 . (2)
P 10 s
< vhere
© ,
3
; [1:] 4 I = beam current
I = input power from the beam
g h v - vecelerator valtape
= [.1+] -4
The bean current antencity s a function of dT/dt and
T
40 e
-1 Conclanjon
10 be beam ot
b yeain an - yeam o o We desipoed and tenied o segmonted calorimeter fal
B studying ITow enerypy particle bheams.  Our {nstrument |-
) L_, 1 1 1 4 S 1 desipned wpecitically tor space application.  However,
o 100 200 1oo0 400 800 600 100 e mipght have aivantapes 1o other applications where a
Line (%) neutital beam fs used or where there are elections o1 a
plasma proeaent
Fay Topegr ooy el v o s e AN
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